Abstract-This paper deals with the group control method of MMC (Modular Multilevel Converter) HVDC system. The proposed scheme increases the number of SMs (Submodules) of MMC HVDC system to more than 500 (2GW class) without changing the sampling time. This method is called Cluster Stream Buffer (CSB) method, and the whole SM is divided into several clusters, and each cluster is composed of 32 SMs. This method has the advantage that it is easy to expand HVDC system to several GW Class and it is easy to keeping the system performances. Consequently, this method was validated using MATAB/Simulink program.
I. INTRODUCTION
Recently, the installation of HVDC system is increasing due to the energy transit policy and the expansion of renewable energy around the world. Until now, HVDC system have been mainly composed of LCC (Line Commuted Converters) HVDC, but VSC (Voltage Source Converters) HVDC is mainly installed in the last 10 years, and 150[GW] is planned by 2030.
Since LCC HVDC system is highly dependent on AC system, it causes overvoltage, harmonic instability, and the resonance between AC system and HVDC system, while VSC HVDC system is independent of the AC system. VSC HVDC system have several problems, that is it is difficult to make high power conversion equipment due to the limitation of the device, and the switching loss is too high because the PWM method is used. To solve these problems, a phase shift transformer is used as shown in Fig. 1 , and MMC topologies are developed as shown in Fig. 2 . Fig. 2 shows the classification of the MMC topologies ( Fig.  2 (a) ) and switching algorithm ( Fig. 2 (b) ). In the VSC HVDC system, MMC and NLC (Nearest Level Control) are used as basic standards because it is excellent in all respects. The MMC topology proposed by R. Marquardt has the many advantages, high power capacity possibility and low harmonics and so on [1] , [2] .
In addition, since the MMC method is that IGBT is connected in series, it requires an electrical bypass switch (thyristor) and mechanical bypass switch (PMA type (Permanent Magnetic Actuator), pyromatic type).
The NLC (Nearest Level Control) method has been proposed to reduce switching loss within 1 [%] . It is the simple and suitable for the NLC method to implement high of levels in the MMC HVDC system [3] , [4] .
As shown in Fig. 3 , ABB uses the method grouping submodules in hardware, this method controls a group module as SMs which is connected in series to compose a group module. This method is caused high-frequency harmonics and the unbalance between the IGBT devices, it is required snubber circuit to reduce the and . In this paper, CSB (Cluster Stream Buffer) method is proposed, which is consist of 32 levels as a cluster and can overlap the clusters in series [5] . The CSB method can be increased over 1 [GW] without changing the sampling time.
First, the basic characteristics of MMC is introduced and review the NLC method. On this base, the algorithm of the CSB method using fixed sampling time is dealt with and the feasibility on the proposed method is simulated by MATLAB /Simulink program.
II. BASIC STRUCTURE AND OPERATION PRINCIPLE OF MMC
A. Basic structure 
B. Operational Principle
An equivalent single phase MMC system is depicted in Fig.  4 (b). In Fig. 4 (b) , the arm inductor and resistors are represented by L and R , respectively. The total dc bus voltage of the MMC system and the converter output voltage of phase j are represented by and , , , respectively. The line current of the each phase are denoted by , , where represents the three phases of the MMC system. The arm voltages generated by the cascaded SMs express as and where the subscripts and denote the upper and lower arms, respectively.
The arm currents and in Fig. 4 can be expressed by (1) and (2) . icSmartGrids 2018 978-1-5386-8484-9/18/$31.00 ©2018 IEEEwhere is the inner difference current of phase j, which flow through both the upper and lower arms and is given by:
According to [6] , the MMC can be characterized by the following equations:
where ( in (4) is the inner emf generated in phase j and is expressed as:
From the relation in (4), considering as the ac grid network voltage, the line current can be regulated by manipulating the control variable ( . The inner dynamic performance of the MMC which characterize the relation between inner unbalance voltage by and leg current is given by (5) and it is redefined as:
where is the inner unbalance voltage of phase j. The unbalanced voltage can be manipulated in order to regulate the difference current i :; as per (7). The upper and lower arm current references can be derived by taking (6) and (7) in to consideration and are given in (8) and (9).
The AC side dynamics are not affected by subtract the same voltage from upper and lower arm reference according to (4) and (6) . As previously described, the ( and is generated by the current controller and circulating current suppressing controller of the MMC system, respectively. 
icSmartGrids 2018 978-1-5386-8484-9/18/$31.00 ©2018 IEEEC. NLC method As shown in Fig. 2 , low-switching frequency modulation algorithms used in multilevel converter system is following as: SHE (Selective Harmonic Elimination) [7] , [8] ; NVC (Nearest Vector Control); and NLC (Nearest Level Control) in order to reduce the switching loss.
Among these, the SHE method is required a lot of calculated switching angle, is needed to be computed offline and stored in a lookup tables. So, the SHE method is too complex and is needed much calculations.
Therefore, the NLC modulation is used widely in HVDC system because of easier to implement and simple [6] . If the HVDC system has a sufficiently large number of SMs, a relatively low harmonic amplitude and low THD (Total Harmonic Distortion) could achieved Fig. 5 shows the control diagram of the NLC modulation method.
It is important to mention that in DSP (Digital-SignalProcessing) systems, the uniform sampling frequency U of the reference voltage =>? must be taken into account. When the uniform sampling time is applied to control the system with large number of SMs, a high enough sampling frequency is needed to ensure that the resulting voltage level utilize all SMs. (Fig. 6 (a) , every SM generates one step voltage level, so each voltage step is ). Using a smaller sampling frequency reduces the level of the output voltage that can be generated. (see Fig. 6 (b) , the first and third voltage step are 2 ). The voltage reference shown in Fig. 6 Finally, the closest voltage level is used to determine the number of SMs to be turn on. The round(X) Function is used to determine the number of turn-on SMs. The function returns the nearest integer of the input number (e.g., round (3.4) = 3, round (3.6) = 4). In each arm, the total number of SMs to be switched on Y Z is calculated of SMs to be switched on Y Z is calculated.
III. PROPOSED NLC METHOD:CLUSTER STREAM BUFFER METHOD

A. Cluster Stream Buffer method(CSB method)
The main issue in HVDC systems adopted MMC and NLC methods is to keep the sampling time constant and MMC output constant, as the number of SMs increases. Fig. 6 shows that the MMC output characteristics changes according to the variation of the sampling time. When the interval of sampling time is large shown in Fig. 6 (b) , it shows the possibility that the switching of the SM can implement 2 ~ 3 SMs or 5 SMs at the same time.
If multiple SMs switch simultaneously, it is necessary to add a snubber circuit to SMs for each SM's voltage and current distribution equally. This increases the loss of the HVDC system. Therefore, while keeping the sampling time constant, the requirement of a system with a single switching number of the SMs (no snubber circuit required) is necessary for a large capacity HVDC system. Fig. 7 shows the actual implementation of the cluster stream buffer method, which shows that the number of switching level is commanded from the phase controller to CSB's controller. Fig. 8 (a) and (b) show the algorithm of the CSB method which is a combinations of clusters having each 32 SMs, and the number of cluster increases as the SM level (or voltage level) increases.
The advantages of this method are to expand the scalability unrestricted (60[MW]→600[MW]) while keeping the fixed sampling time of the system and without degradation of the system performance and complexity. Unlike the module grouping method shown in Fig. 3 approach, which switches the IGBT devices simultaneously, the proposed algorithm guarantees switching the IGBT devices one by one.
The CSB algorithm would be described as followed. The total number of SMs that need to be turn-on in the MMC system, f , is divided by the total number of clusters, Y, and the result is transmitted to each cluster. The number of all SMs divided in to several clusters based on the system frequency as shown in Fig. 8 and the time delay of the SMs is switched in the same order as Cluster 1, Cluster 2, ⋯, Cluster Y.
Then, the output of the MMC based VSC-HVDC system using the proposed algorithm shown in Fig. 9 (b) has a much higher level than the one without the algorithm shown in Fig. 9 (a) .
The cluster shown in Fig. 8 (b) can be made of 32 levels or 16 levels. The number of IGBTs of a cluster can be chosen to be 16, 32 or 64. However, selecting 16 IGBTs in a cluster needs many cluster controllers while expanding the MMC system and 64 IGBTs in a cluster causes a reduction in the reliability of the system. Therefore, in this paper each cluster is designed to have 32 IGBTS.
IV. SIMULATION AND REVIEW
The performance of the CSB is confirmed through MATLAB/Simulink. The CSB modeled in MATLAB consists of 11 clusters and 1 master / phase controller. Each cluster consists of 32 SMs. The target system in this paper is a system with +/-300 [kV], Symmetry Mono-Pole HVDC System, and 325 SMs per arm (without redundancy), and the total number of SMs including rectifier and inverter is 3,900. The sampling time of phase controller of HVDC system is 100[us], VBE part and sorting part are skipped. Fig. 10 shows the characteristics of the proposed system, Fig. 10 (a) shows that the SM is not switched to the group but increases by one. Fig .10 (b) shows the operation waveform of the 32 levels cluster. icSmartGrids 2018 978-1-5386-8484-9/18/$31.00 ©2018 IEEE
